12 SPCAM Setup. The SPCAM model source code along with our modifications, including the neural network implementation, is 13 available at https://gitlab.com/mspritch/spcam3.0-neural-net (branch: nn_fbp_engy_ess). 14 We use the Community Atmosphere Model 3.0 (1) with super-parameterization (2) as our training and reference model. The 15 model has an approximately two-degree horizontal resolution with 30 vertical levels and a 30 minute time step. The embedded 16 two-dimensional cloud resolving models consist of eight 4 km-wide columns oriented meriodinally, as in Ref.
towards ocean-coupled simulations in which cumulus friction is known to be important to the equatorial cold tongue/ITCZ 23 nexus (6). After the SP update, the radiation scheme is called which uses sub-grid cloud information from the CRM. This is 24 followed by a computation of the surface fluxes with a simple bulk scheme and the dynamical core. CTRLCAM uses the default 25 parameterizations which includes the Zhang-McFarlane convection scheme (7) and a simple vertical turbulent diffusion scheme.
26
The physical parameterization of NNCAM is 20 times faster than SPCAM and 8 times faster than CTRLCAM. This results 27 in a total model speed-up of factor 10 compared to SPCAM and factor 4 compared to CTRLCAM. To generate the best 28 possible training data for the neural network we run the radiation scheme every GCM time step for SPCAM and CTRLCAM.
29
In CTRLCAM, therefore, the radiation scheme is much more computationally expensive than in the standard setup where the 30 radiation scheme is only called every few GCM time steps.
31
The sea surface temperatures (SSTs) are prescribed in our aquaplanet setup that follows Ref. (8). The reference state is 32 zonally symmetric with a maximum shifted five degrees to the North of the equator to avoid unstable behaviors observed for 33 equatorially symmetric aquaplanet setups:
where the SST is given in Celcius, φ is the latitude in degrees and
Additionally, we run simulations with a globally increased SSTs up to 4K in increments of 1K and a zonally asymmetric run 38 with a wavenumber one perturbation added to the reference SSTs:
where λ is longitude in degrees. The sun is in perpetual equinox with a full diurnal cycle. All experiments were started with 41 the same initial conditions and allowed to spin up for a year. The subsequent five years were used for analysis. Training data 
